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Previously, we reported that Helicobacter /Tyfon'-associated gastritis and gastric cancer are closely associated with increased 
levels of hydrogen sulfide (H 2 S) and that Korean red ginseng significantly reduced the severity of H. /?j//on-associated gastric 
diseases by attenuating H 2 S generation. Because the incubation of endothelial cells with H 2 S has been known to enhance their 
angiogenic activities, we hypothesized that the amelioration of H 2 S-induced gastric inflammation or angiogenesis in human 
umbilical vascular endothelial cells (HUVECs) might explain the preventive effect of Korean red ginseng on H. jTy/on'-associated 
carcinogenesis. The expression of inflammatory mediators, angiogenic growth factors, and angiogenic activities in the absence or 
presence of Korean red ginseng extracts (KRGE) were evaluated in HUVECs stimulated with the H 2 S generator sodium hydrogen 
sulfide (NaHS). KRGE efficiently decreased the expression of cystathionine p-synthase and cystathionine y-lyase, enzymes that 
are essential for H 2 S synthesis. Concomitantly, a significant decrease in the expression of inflammatory mediators, including 
cyclooxygenase-2 and inducible nitric oxide synthase, and several angiogenic factors, including interleukin (IL)-8, hypoxia 
inducible factor- la, vascular endothelial growth factor, IL-6, and matrix metalloproteinases, was observed; all of these factors are 
normally induced after NaHS. An in vitro angiogenesis assay demonstrated that NaHS significantly increased tube formation in 
endothelial cells, whereas KRGE pretreatment significantly attenuated tube formation. NaHS activated p38 and Akt, increasing 
the expression of angiogenic factors and the proliferation of HUVECs, whereas KRGE effectively abrogated this H 2 S-activated 
angiogenesis and the increase in inflammatory mediators in vascular endothelial cells. In conclusion, KRGE was able to mitigate 
H 2 S-induced angiogenesis, implying that antagonistic action against H 2 S-induced angiogenesis may be the mechanism underlying 
the gastric cancer preventive effects of KRGE in//, pylori infection. 
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INTRODUCTION 

Small molecular weight gases, including nitric oxide 
(NO), carbon monoxide (CO), and hydrogen sulfide 
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use, distribution, and reproduction in any medium, provided the original 
work is properly cited. 



(H 2 S), constitute a unique class of biomaterials that are 
indispensable for maintaining the homeostasis of biologi- 
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cal systems. These substances readily convey signals from 
one site to another in autocrine, paracrine or juxtacrine 
fashions based on their high membrane permeability [1-3]. 
However, the evidence that these gases have biologically 
significant functions beyond homeostasis is increasing, 
and they have been implicated in the pathogenesis of di- 
verse clinical diseases. Because gases easily penetrate the 
cell barrier and diffuse more rapidly than other signaling 
molecules, their impact on disease pathogenesis seems 
to be far broader and more critical than their convention- 
ally acknowledged roles imply. Furthermore, these gases 
could be promising therapeutic targets [4-6]. 

H 2 S, which, like NO and CO, has biological functions, 
was first known as a "toxic gas", and it was recognized 
for decades only as an environmental pollutant and prin- 
cipal offender in halitosis based on its strong odor of 
rotten eggs. H 2 S is endogenously synthesized in various 
mammalian tissues by cystathionine p-synthase (CBS) 
and cystathionine y-lyase (CSE), two pyridoxal-5'- 
phosphate-dependent enzymes that are responsible for 
metabolizing L-cysteine [7]. L-cysteine, the substrate 
of CBS and CSE, is a sulfur-containing amino acid that 
can be derived from gastrointestinal sources or liberated 
from endogenous proteins. Despite its historical noto- 
riety, increasing evidence suggests that H 2 S could have 
beneficial physiological roles, including in the regulation 
of vasodilatation, the modulation of inflammation, and 
the modulation of gut signaling. On the basis of these 
beneficial activities, H 2 S has become a key target for new 
therapeutics; for instance, the H 2 S-non-steroidal anti- 
inflammatory drug (NSAID) was developed as a gastro- 
intestinal (Gl)-safe NSAID for the amelioration of GI 
motility disorders [8-10]. 

However, in the context of Helicobacter pylori infec- 
tion or H. /?y/on'-associated carcinogenesis, H 2 S seems 
to a mediator of gastric inflammation and an essential 
promoter of gastric carcinogenesis. In the stomach, 
H 2 S may up-regulate the inflammatory response via the 
stimulation of immune cells and reactive oxygen spe- 
cies from activated neutrophils, which convert H 2 S to 
sulfite and thus may further up-regulate leukocyte adhe- 
sion and neutrophil functions [11]. In addition to its role 
in H. pylori infection, Li et al. [12] observed increased 
H 2 S synthesis during lipopolysaccharide (LPS)-induced 
inflammation in mice. Conversely, the inhibition of H 2 S 
synthesis by DL-propargylglycine, a CSE inhibitor, dra- 
matically reduced the severity of LPS-induced inflam- 
mation in various organs. Zhang et al. [13] reported that 
endogenous H 2 S could regulate leukocyte trafficking 
in a cecal ligation and puncture-induced sepsis model. 



In addition to increased leukocyte-mediated inflamma- 
tion, H 2 S can induce endoplasmic reticulum stress and 
subsequent apoptosis and may interact with other gases 
to enhance inflammation and organ dysfunction [14,15]. 
Therefore, H 2 S might be a "villain" in the GI tract. How- 
ever, similar to the "double-edged sword" role of NO 
in inflammation and carcinogenesis, the significance of 
H 2 S in angiogenesis may have both positive and negative 
effects. For example, H 2 S-induced angiogenesis is ben- 
eficial in wound healing, cardioprotection, and resolving 
NSAID-induced damage, but it can also promote cancer 
growth and metastasis. 

Korean red ginseng has been reported to reduce the 
risk of cancer in diverse organs, including the lips, oral 
cavity, pharynx, larynx, esophagus, lung, liver, pancreas, 
ovary, colon, rectum, and stomach, and Panax ginseng 
has been classified as a non-organ-specific cancer pre- 
ventive molecule [16]. Our previous in vitro and in vivo 
studies [17,18] have shown the mitigating effects of Ko- 
rean red ginseng on H. ^y/or/-associated atrophic chang- 
es and gastric carcinogenesis, indicating that Korean red 
ginseng extract (KRGE) may be a good example of a 
natural treatment to protect against H. /7y/or/-associated 
carcinogenesis. In this study, to test the hypothesis that 
KRGE might prevent gastric cancer by mitigating H 2 S 
generation and its pro-angiogenic activity, we performed 
in vitro experiments to document the influence of H 2 S on 
endothelial cell activation and the influence of KRGE on 
H 2 S-associated angiogenic activities. 

MATERIALS AND METHODS 

Reagents 

KRGE was provided by the Korean Ginseng Corpora- 
tion (Daejeon, Korea), which is the most concentrated 
and pure form of 100% 6-year-old premium Korean red 
ginseng roots available on the market. KRGEs retain 
the rich flavor of ginseng and their active components at 
an optimal level, such that even a small dose is enough 
to reap all of the health benefits of red ginseng. Sodium 
hydrogen sulfide (NaHS) and 3-(4, 5-dimethylthiazol- 
2-yl)-2,5-diphenyltetrazolium bromide (MTT) were 
purchased from Sigma Aldrich (St. Louis, MO, USA). 
Anti-phospho-Akt, anti-Akt, anti-phospho-p38, anti- 
phospho-STAT3, and anti-phospho-JAK2 antibodies 
were purchased from Cell Signaling Technology (Dan- 
vers, MA, USA) and anti-(3-actin, anti-phospho-ERK, 
and anti-p38 antibodies were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). The cyclooxy- 
genase (COX)-2 antibody was purchased from Thermo 
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Fisher Scientific (Fremont, CA, USA), and the HIF- 1 
antibody was purchased from BD Bioscience (San Jose, 
CA, USA). 

Cell culture 

Human umbilical vein endothelial cells (HUVECs) 
were purchased from InnoPharmaScreen (Asan, Korea). 
HUVECs and human endothelial cells were cultured 
in Ml 99 medium (InnoPharmaScreen). The cells were 
maintained at 37°C in a humidified atmosphere contain- 
ing 5% C0 2 . Cultures containing 1.0xl0 5 /mL HUVECs 
were seeded in appropriate dishes and incubated for 24 h, 
after which the media were exchanged for media con- 
taining Korean red ginseng (0-100 ^g/mL), and the cells 
were incubated for a further 2 h. The HUVECs were then 
treated with 100 ng/mL NaHS for 0 to 24 h. 

Measurement of cell viability 

HUVECs were plated at a density of l.OxlO 5 cells/ 
ml in 96-well plates, and the cell viability was deter- 
mined by a conventional MTT reduction assay. After 
incubation with sodium hydrogen sulfide (0, 50, 100, 
200, and 300 rxg/mL), cells were treated with MTT solu- 
tion (final concentration 1 mg/mL) for 2 h. The dark blue 
formazan crystals formed in intact cells were solubilized 
with DMSO, and absorbance was measured at 570 nm 
with a microplate reader (Molecular Devices, Silicon 
Valley, CA, USA). 

Western blot analysis 

Treated cells were washed twice with phosphate- 
buffered saline and then lysed in ice-cold cell lysis buffer 
(Cell Signaling Technology) containing 1 mM phenyl- 
methylsulfonyl fluoride (Sigma Aldrich). After 20 min 
of incubation, samples were centrifuged at 10,000 xg for 
10 min. The supernatants were then collected. The pro- 
teins in the lysates were separated by sodium dodecyl sul- 
fate polyacrylamide gel electrophoresis and transferred to 
polyvinylidene fluoride membranes, which were then in- 
cubated with primary antibodies, washed, incubated with 
peroxidase-conjugated secondary antibodies, rewashed, 
and then visualized using an enhanced chemilumines- 
cence system (GE Healthcare, Buckinghamshire, UK). 

RNA isolation and reverse transcription poly- 
merase chain reaction 

After incubation, the media was removed by suction, 
and the cells were washed twice with Dulbecco's phos- 
phate-buffered saline. RiboEX (500 uL; GeneAll, Seoul, 
Korea) was added to the plates, which were then incu- 



Table 1. Primer sequence for polymerase chain reaction 



Sequence 

name 

IL-lp Forward 5'-ATA AGC CCA CTC TAC AGC T-3' 
Reverse 5'-ATT GGC CCT GAA AGG AGA GA-3' 

IL-6 Forward 5' -AGC GCC TTC GGT CCA GTT GC-3' 

Reverse 5'- CCG AAG AGC CCT CAG GCT GGA-3' 

IL-8 Forward 5'-TGG GTG CAG AGG GTT GTG-3' 

Reverse 5'-CAG ACT AGG GTT GCC AGA TTT A-3' 

HIF-la Forward 5'-ACA GCA GCC AGA CGA TCA TGC-3' 

Reverse 5'-AAA TGA GCT GTC TGT GAT CCA GCA TT-3' 

VEGF Forward 5'-TCG GGC CTC CGA AAC CAT G-3' 

Reverse 5'-GGT TCC CGA AAC CCT GAG G-3' 
MMP-2 Forward 5-'GAG TAA GGG GAT CGC CGT GCA-3' 

Reverse 5'-AAG AGG TTG CAA CTC TCC TTG G-3' 
MMP-3 Forward 5'-TGC AGA AGT TCC TTG GAT TGG AG-3' 

Reverse 5'- GGA GAA TGT GAG TGG AGT CAC C-3' 
MMP-9 Forward 5'-GCG GAC ATT GGG AAC CAG CTG TA-3' 

Reverse 5'-GAC GCG CCT GTG TAC ACC CAC A-3' 

PDGF Forward 5' -AGG AAG CCA TTC CCG CAG TT-3' 
Reverse 5'-CTA ACC TCA CCT GGA CCT CT-3' 

bFGF Forward 5'- TAT GAA GGA AGA TGG ACG GC-3' 
Reverse 5'-AAC AGT ATG GCC TTC TGT CC-3' 

iNOS Forward 5'-GGC CTC TCA GCT CAC CCC GA-3' 
Reverse 5'-CCA GGC GCA CTG TCT GGT GG-3 

COX-2 Forward 5'-GGT CTG GTG CCT GGT CTG ATG ATG-3' 
Reverse 5'-GTC CTT TCA AGG AGA ATG GTG C-3' 

GAPDH Forward 5'-AGG TCG GAG TCA ACG GAT TTG G-3' 

Reverse 5'-ACA GTC TTC TGG GTG GCA GTG ATG-3' 
CBS Forward 5'-TGG ATG CAG GAT CAT TGG GGT G-3' 

Reverse 5'-TCC CGG AGGATC TCG ATG GTG-3 ' 
CSE Forward 5'-AAG AAC CTAAAF CTATTT ACT CTG-3' 

Reverse 5'-TTG GTC CAT TTAATT ACT CAG GAA-3' 
HO-1 Forward 5'-AGA CGG CTT CAA GCT GGT GA-3' 

Reverse 5'-TAG GGG ATG ACC TCC TGC CA-3' 

IL, interleukin; HIF, hypoxia inducible factor; VEGF, vascular endo- 
thelial growth factor; MMP, matrix metalloproteinase; PDGF, platelet- 
derived growth factor; bFGF, basic fibroblast growth factor; iNOS, 
inducible nitric oxide synthase; COX, cyclooxygenase; GAPDH, 
Glyceraldehyde 3-phosphate dehydrogenase; CBS, cystathionine B- 
synthase; CSE, cystathionine y-lyase; HO, heme oxygeanse. 

bated for 10 min at 4°C. The RiboEX was harvested and 
placed in a 1.5 mL tube and gently mixed with 100 uL of 
chlorofonn. After incubation for 10 min on ice, samples 
were centrifuged at 10,000 xg for 30 min. Supernatants 
were extracted and mixed with 200 uL of isopropanol, 
and the mixtures were incubated at 4°C for 1 h. After 
centrifuging at 13,000 xg for 30 min, pellets were washed 
with 70% (v/v) ethanol. After allowing the ethanol to 
evaporate completely, the pellets were dissolved in 100 
uL of diethylene pyrocarbonate-treated water (Invitrogen 
Life Technologies). cDNA was prepared using Murine- 
Moloney leukemia virus reverse transcriptase (Promega) 
according to the manufacturer's instructions. The poly- 
merase chain reaction (PCR) primers used are shown in 
Table 1. PCR was performed over 30 cycles of: 94°C for 
20 s, 58°C for 30 s, and 72°C for 45 s. Oligonucleotide 
primers were purchased from Bioneer (Seoul, Korea). 
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In vitro angiogenesis assay 

The in vitro angiogenesis assay was performed using a 
commercial kit according to the manufacturer's instruc- 
tions (Millipore, Billerica, MA, USA). Briefly, ECMatrix 
and diluent buffer were mixed to make a gel, which was 
then plated in 96-well microplates. HUVECs (1.0*10 5 / 
mL) were seeded in the presence of Korean red ginseng 
(0-100 ng/mL) and then incubated with sodium hydro- 
gen sulfide at 37°C for 4 h. Sprouting tube formation was 
observed under a light microscope. 

Cell proliferation assay 

The cell proliferation assay was performed using a 
commercial kit according to the manufacturer's instruc- 
tions (Biological Industries, Kibbutz Beit Haemeck, Isra- 
el). Briefly, the MTT reagent and activation reagent were 
mixed to make a reaction mixture that was added to 96- 
well microplates. HUVECs were incubated at 37°C for 2 
to 24 h, and absorbance was measured at 450 to 500 nm 
with a microplate reader. 

Cell migration assay 

HUVECs were cultured in 6-well plates as confluent 
monolayers at lxl0~ cells/well. The monolayers were 
incubated in the absence of serum for 16 h and wounded 
by scratching a line across the well with a standard 200 
uE pipette tip. The scratched monolayers were then 
washed twice with serum-free media to remove cell 
debris and incubated with sodium hydrogen sulfide, 
PD098959 (MEK1/2 inhibitor, Cell Signaling Technol- 
ogy), or SB209121 (p38 inhibitor, Tocris, UK). The 
cell-free wound area was recorded at the indicated time 
points using a charge-coupled device camera connected 
to an inverted microscope. The remaining cell-free area 
was calculated as a percentage of the area of the initial 
scratch. 

Statistical analysis 

The data are presented as the mean±standard devia- 
tion. The statistical significance was assessed using one- 
way ANOVA. Differences were considered to be signifi- 
cant for values of ;?<0.05. 

RESULTS 

Human umbilical vein endothelial cell treatment 
with sodium hydrogen sulfide increased the ex- 
pression of cystathionine /-lyase as well as inflam- 
matory mediators in vascular endothelial cells 

In contrast to previous investigations that targeted 



gastric epithelial cells to document the anti-inflammatory 
effects of KRGE [19], in the current study, HUVECs 
were stimulated with H. pylori or the H 2 S donor NaHS 
to investigate the possible mechanisms underlying the 
cancer preventive effect of KRGE. We were particularly 
interested in mechanisms related to angiogenesis because 
the angiogenesis stimulated by H. pylori infection can 
cause either inflammation or carcinogenesis. We hy- 
pothesized that one of the key mechanisms of the cancer 
preventive actions of KRGE against//, pylori-associated 
carcinogenesis might be in ameliorating H. pylori-driven 
angiogenesis. HUVECs stimulated with 1 00 uM NaHS 
exhibited significantly increased CBS and CSE expres- 
sion (Fig. 1A). On the basis of data from our previous 
publication [19] that showed that H. pylori infection sig- 
nificantly increased the levels of H 2 S (as indicated by RT- 
PCR of H 2 S generating genes and gas chromatography 
to measure H 2 S levels in the gastric juices of H. pylori- 
infected gastritis patients), we decided that the adminis- 
tration of 100 uM NaHS could be used in place of live H. 
pylori bacteria to stimulate H 2 S generation in HUVECs. 
The use of NaHS instead of H. pylori infection was pre- 
ferred under the basis that NaHS has no cytotoxicity at 
concentrations of up to 300 uM (Fig. IB), whereas 100 
multiplicity of infection H. pylori led to significant levels 
of cytotoxicity (Fig. IB). As observed in Fig. 1C, treat- 
ment with 100 uM NaHS significantly increased the ex- 
pression of interleukin (IL)-8 and inducible nitric oxide 
synthase (iNOS), to levels comparable to those observed 
upon H. pylori infection. A Western blot for COX-2 
showed that NaHS treatment increased the expression of 
COX-2 at 5 min and that this increase persisted up to 12 h, 
whereas iNOS expression was maximized at 10 min af- 
ter NaHS treatment and remained higher up to 12 h than 
iNOS levels measured before NaHS treatment (Fig. ID). 
All of this evidence supports the rationale for stimulating 
HUVECs with NaHS instead of H. pylori infection to 
evaluate the influence of KRGE on H 2 S stimulation. 

Korean red ginseng extracts effectively attenuated 
the sodium hydrogen sulfide-stimulated expression 
of cystathionine y-lyase, inflammatory mediators, and 
matrix metalloproteinases in vascular endothelial cells 

NaHS treatment significantly increased the expres- 
sion of CSE, but KRGE significantly attenuated the 
expression of CSE and CBS (Fig. 2A). Similarly, NaHS 
significantly increased the expression of inflammatory 
mediators including iNOS, COX-2, IL-8, and IL-lb, but 
these increases were significantly attenuated by the ad- 
ministration of KRGE (Fig. 2B). In addition, NaHS sig- 
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Fig. 1. (A) The expressions of cystathionine p-synthase (CBS) or cystathionine y-lyase (CSE) after sodium hydrogen sulfide (NaHS), agent 
stimulating H 2 S generation. NaHS, similar to live Helicobacter pylori challenge [29], increased the expressions of either CBS or CSE. (B) 3-(4, 
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. The administration of 300 uM NaHS was not cytotoxic to human umbilical vein 
endothelial cells. (C) Reverse transcription polymerase chain reaction and Western blot. The expressions of cyclooxygenase (COX)-2, interleukin 
(IL)-8, IL-6, and inducible nitric oxide synthase (iNOS) are induced by H. pylori as well as NaHS. Relative band intensity of each mediator showed 
that NaHS and H. pylori activated the expression of inflammatory mediators. (D) Western blot. Increased expressions of COX-2 were noted from 
5 min, whereas expression of iNOS was increased 10 min after NaSH administration. MOI, multiplicity of infection; GAPDH, Glyceraldehyde 
3-phosphate dehydrogenase. 



nificantly increased the expression of angiogenic factors 
including hypoxia inducible factor (HIF)-la, IL-6, vas- 
cular endothelial growth factor (VEGF), platelet-derived 
growth factor, and MMPs (MMP-2, MMP-3, and MMP- 
9), but these increases were also significantly attenuated 
by the administration of KRGE (Fig. 2C, D). All of these 
results suggested that H 2 S generated by NaHS might 
be involved in either inflammation or angiogenesis in 
endothelial cells and that KRGE could ameliorate these 
changes. Then, because the MAPK and STAT-3 signal 
transduction pathways are known to be activated in re- 
sponse to H 2 S, we monitored the changes in molecules 
within these pathways, including STAT3, ERK1/2, and 
p38, in cells treated with NaHS alone, KRGE alone, 
or a combination of NaHS and KRGE to confirm that 
KRGE modulated the signal transduction induced upon 
H 2 S challenge. As shown in Fig. 3A, NaHS induced 



significant activation of STAT3 and ERK, similar to H. 
pylori infection. To further verify ERK pathway activa- 
tion, an ERK inhibitor was co-challenged with NaHS, as 
shown in Fig. 3B. The co-administration of KRGE and 
NaHS attenuated the expression of NaHS-induced COX- 
2 expression to levels similar to those observed upon the 
addition of an ERK inhibitor. Similarly, KRGE inhibited 
H 2 S-driven endothelial cell proliferation to levels similar 
to those produced by a MAPK inhibitor (Fig. 4B). We 
measured the NaHS-induced activation of both HIF-la 
and Akt and found that the influence of KRGE on the 
inactivation of Akt was statistically significant, whereas 
its effect on HIF-la was not significant (Fig. 3C). These 
results suggest that HIF-la and Akt might not be critical 
in the H 2 S-induced angiogenic activation of HUVECs, 
whereas MMPs are involved. 
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Fig. 2. (A) The changes of cystathionine p-synthase (CBS), cystathionine y-lyase (CSE), and inflammatory mediators such as inducible nitric ox- 
ide synthase (iNOS), cyclooxygenase (COX)-2, interleukin (IL)-1 p, and IL-8 after sodium hydrogen sulfide (NaHS) alone or combined with Korean 
red ginseng extract (KRGE). NaHS significantly increased the expression of CSE. KRGE attenuated the expressions of CSE and CBS. Relative 
band intensity shows that Korean red ginseng has meaningful effect on attenuating the expression of CSE and CBS. The expressions of iNOS, 
COX-2, IL-8, and IL-6 were all increased with 100 NaHS, while KRGE significantly decreased these expressions of NaHS-induced inflamma- 
tory mediators. Relative band intensity showed that KRGE has meaningful effect on attenuating the expression of NaHS inducing inflammatory 
mediators. (B) The changes of angiogenic factors including hypoxia inducible factor (HIF)-1a, IL-6, vascular endothelial growth factor (VEGF), 
and platelet-derived growth factor (PDGF). 100 (jM NaHS increased these angiogenic factors significantly, while KRGE significantly decreased 
these expressions of NaHS-induced angiogenic factors. (C) Reverse transcription polymerase chain reaction for matrix metalloproteinases (MMPs). 
NaHS significantly increased the expressions of MMP-2, MMP-3, and MMP-9, while KRGE could attenuate these expressions of H 2 S-driven 
MMPs. GAPDH, Glyceraldehyde 3-phosphate dehydrogenase. 



http://dx.doi.Org/1 0.51 42/jgr.201 2.36.2.1 35 



140 



Choi et al. Inhibition of H 2 S-induced Angiogenesis with Korean Red Ginseng 




p-actin ^* flB mm mm mm 

NaHS(nM) - 100 100 100 - NaHS(nM) - 100 100 100 - NaHS((iM) - 100 100 100 - 



KRGE (ng/ml_) - - 50 100 100 KRGE (ng/mL) . - 50 100 100 KRGE (jig/mL) . - 50 100 100 



B 



NaHS(100 nM) 
PD098959(10nM) 
SB209121 (3 nM) 
KRGE (100 mg/mL) 

COX-2 
p-actin 




p<0.05 




NaHS(nM) - 100 100 100 - NaHS (jiM) - 100 100 100 

KRGE(ng/mL) - - 50 100 100 KRGE (ng/ml_) - - 50 100 100 



Fig. 3. (A) Western blotting for several activated levels of STAT3, ERK1/2, and p38. Sodium hydrogen sulfide (NaHS) significantly activated 
STAT3, ERK1/2, and p38, but Korean red ginseng extract (KRGE) was efficiently inactivated these signals. Relative band intensity showed that 
KGRE has meaningful inactivating effect on ERK1/2, though inhibitory effects on STAT3 and p38. (B,D) Western blot for cyclooxygenase (COX)- 
2 according to group. The increased expressions of COX-2, also implicated as angiogenic factor after NaHS, were significantly decreased with 
ERK inhibitor, p38 inhibitor, and KRGE. (C) The change of HIF-1a and Akt. Akt and hypoxia inducible factor (HIF)-1a were both engaged in 
inflammation or angiogenesis. NaHS increased these expressions of HIF-1a and activated Akt, but not to the level of statistical significance. 
GAPDH.GIyceraldehyde 3-phosphate dehydrogenase. 



Korean red ginseng extract directly decreased hy- 
drogen sulfide-associated angiogenesis 

We found that NaHS treatment led to an increased 
inflammatory response as well as the expression of 
angiogenic factors in endothelial cells, indicating that 
H 2 S might intervene in increased angiogenesis related 
to inflammation activation. Because angiogenesis and 
inflammation are key molecular mechanisms related to 
H. pylori-associated carcinogenesis, we hypothesized 
that agents controlling H. /?y/or/-associated angiogenesis 
could be potential cancer preventive agents. Therefore, 
to test the hypothesis that Korean red ginseng might ef- 
ficiently decrease NaHS-induced angiogenesis, an in 



vitro angiogenesis assay was perfonned (Fig. 4A). NaHS 
significantly increased endothelial cell tube formation, 
but Korean red ginseng decreased these H 2 S-driven an- 
giogenic activities. Because angiogenesis is associated 
with the increased proliferation of endothelial cells, we 
also measured proliferative activities according to group 
(Fig. 4B). As observed in Fig. 4B, PD098959, a MEK1/2 
inhibitor that acts upstream of ERK, and the p3 8 in- 
hibitor SB209121 both significantly blocked NaHS- 
induced endothelial proliferation. In a similar fashion, 
the increase in endothelial cell proliferation after NaHS 
was significantly abrogated by different doses of KRGE 
(pO.OOl), signifying that the anti-angiogenic activities 
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Fig. 4. (A) In vitro angiogenesis assay. 100 sodium hydrogen sulfide (NaHS) administration resulted in increased capillary tube formations. 
Korean red ginseng extract (KRGE) alone did not affect tube formation, but co-treatment of NaHS and KRGE significantly decreased endothelial 
tube formations. (B) Endothelial cell proliferation assay. NaHS significantly increased proliferation of endothelial cells, but the co-treatment with 
MEK inhibitor (upstream kinase of ERK, PD098959) or p38 inhibitor (SB209121) resulted in significant decreases in NaHS-driven endothelial cell 
proliferation. KRGE also led to significant reduction in NaHS-driven endothelial cell proliferation. (C) In vitro wound assay. NaHS significantly ac- 
celerated wound closure, but MAPK inhibitor as well as KRGE delayed wound closure, suggesting KRGE contributed to decreasing endothelial 
cell migration as much as SB2091 21 and PD098959. (a-1 , a-2, a-3) controls at start time point, (b) no treatment group, (c) 1 00 NaHS admin- 
istration, (d) PD098959 in the presence of 100 uM NaHS, (e) SB209121 in the presence of 100 nM NaHS, (f) 100 ng/mL KRGE in the presence 
of 100 (aM NaHS, (g) 100 |ig/mL KRGE alone without NaHS. Arrow directs the width of wound and asterisk in figure c shows the absence of 
wound, complete closure. % decrement in wound size according to treatment group was presented as mean±SD. 
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of Korean red ginseng on H 2 S-driven angiogenesis might 
be mediated by the inhibition of H 2 S-driven HUVEC 
proliferation. These results were further validated with 
an in vitro wound healing assay using cultured HUVECs 
(Fig. 4C). Compared with the control group, NaHS ac- 
celerated wound closure (c shows a representational 
wound with NaHS), whereas cotreatment with an ERK 
inhibitor (d, PD098959) or p38 inhibitor (e, SB209121) 
retarded wound closure even in the context of NaHS 
administration. KRGE alone or KRGE in the presence 
of NaHS also retarded wound closure (Fig. 4C), and the 
mean wound sizes of are shown in Fig. 4C. All these re- 
sults showed that NaHS-generated H 2 S contributed to the 
significant acceleration of endothelial cell proliferation, 
whereas KRGE significantly inhibited H 2 S-driven endo- 
thelial cell proliferation. 

DISCUSSION 

The continuous modulation of angiogenesis is consid- 
ered to be an important therapeutic strategy for human 
health, especially in H. /?y/on-associated inflammation 
propagation or carcinogenesis [20,21]. As results, numer- 
ous bioactive plant compounds have been tested for anti- 
angiogenic potential; the most frequently studied and 
reportedly effective of these compounds include Korean 
red ginseng and polyphenols present in fruits and veg- 
etables [22]. In the current study, we show for the first 
time that KRGE exerts strong anti-angiogenic effects 
against H. /?_y/on'-associated H 2 S generation through the 
regulation of multiple molecular targets, including an- 
giogenic growth factors like VEGF, ILs, HIF-la, MMPs, 
transcription factors, and signaling molecules including 
NF-kB, PDK/Akt, ERK1/2 and p38. 

In a study of the signal transduction pathways impli- 
cated in H 2 S-induced angiogenesis, Papapetropoulos et 
al. [23] incubated endothelial cells (EC) with H 2 S and 
observed the increased phosphorylation of Akt, ERK, 
and p38. Similarly, our results showed that the p38 in- 
hibitor SB203580 significantly abolished H 2 S-induced 
EC motility, as shown in Fig. 4. The pharmacological 
inhibition of H 2 S production or CSE silencing attenu- 
ated VEGF signaling and EC migration, suggesting that 
endothelial H 2 S synthesis leads to the pro-angiogenic 
action of VEGF. In vascular tissues, H 2 S is mainly pro- 
duced from L-cysteine by CSE rather than CBS, and H 2 S 
stimulated cell proliferation, migration and tube forma- 
tion. Therefore, H 2 S is a double-edged sword, with posi- 
tive or negative functions depending on the context of 
the disease. For instance, Szabo and Papapetropoulos [24] 



demonstrated the positive role of endogenous H 2 S in the 
angiogenic response to wounding and concluded that the 
topical administration of H 2 S promotes wound healing, 
whereas the genetic ablation of CSE attenuates wound 
healing, suggesting that the pharmacological modula- 
tion of H 2 S-mediated angiogenic pathways may open the 
door for novel therapeutic approaches. However, because 
angiogenesis is a key process in the promotion of cancer, 
especially H. /?v/or/-associated gastric carcinogenesis, the 
inhibition of angiogenesis has been proposed as a general 
strategy to fight H. /?y/or/-associated gastritis and other 
cancers. 

Chronic infection with the gastric pathogen H. pylori 
significantly increases the risk of developing atrophic 
gastritis, peptic ulcer disease, and gastric adenocarci- 
noma due to the activation of angiogenesis. Keates et al. 
[25] studied the molecular mechanisms through which 
H. pylori up-regulated the expression of plasminogen 
activator inhibitor (PAI)-l, a member of the urokinase 
activator system that is involved in tumor metastasis and 
angiogenesis, and found that the up-regulation of PAI- 
1 and the resulting angiogenesis in H. /7y/or/-infected 
gastric epithelial cells may contribute to carcinogenesis. 
Although VEGF is an important modulator of gastric 
mucosal repair, VEGF is also overexpressed in gastric 
cancer. For example, Tuccillo et al. [21] evaluated the 
expression of VEGF in the gastric mucosa of H. pylori- 
infected and H. /?y/or/-non-infected dyspeptic patients 
as well as in gastric cancer tissues. An increase in VEGF 
expression was associated with a significant increase in 
neo-angiogenesis, as assessed by the presence of CD34- 
positive micro-vessels. H. pylori gastritis is associated 
with an up-regulation of VEGF expression, which paral- 
lels the increased formation of blood vessels in the gas- 
tric mucosa, suggesting that increased VEGF expression 
and neo-angiogenesis may contribute to H. pylori-related 
gastric carcinogenesis and gastritis. However, angiogen- 
esis is also a double-edged sword in H. pylori infection 
because although H. £>_y/on'-associated angiogenesis pro- 
motes carcinogenesis, defective angiogenesis is associ- 
ated with delayed ulcer healing or high ulcer recurrence 
in H. pylori infection [26]. Therefore, we infer that bal- 
anced angiogenic activities might be essential in disease 
prevention, and a more detailed strategy to modulate the 
mechanistic implication of gastrin, COX-2, several types 
of growth factor, NO/NO synthase, E-cadherin/b-catenin 
systems, and apoptosis as well as angiogenesis will be 
required to prevent H. /?y/orz-induced gastric carcinogen- 
esis. 

In our search for strategies to prevent H. pylori-asso- 
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ciated carcinogenesis, we evaluated non-microbial ap- 
proaches rather than simple eradication because the inac- 
tivation of carcinogenic pathways seems to be an equally 
or more efficient strategy than the simple removal of the 
bacteria. The chronic administration of KRGE may be 
one such wise strategy, as indicated by our previous pub- 
lications that showed the efficacy of Korean red ginseng 
in reducing H. /?y/or/-associated gastric inflammation, 
lowering oxidative stress, reducing cytotoxicity, and de- 
creasing mutagenesis. Among the key players engaged 
in the connection between H. pylori infection and gastric 
carcinogenesis, we focused on H 2 S-driven inflammation 
and angiogenesis and found for the first time that KRGE 
could efficiently regulate these events. Previously, KRGE 
was reported to relieve halitosis by suppressing H. pylori- 
associated H 2 S generation and to improve erosive and 
ulcerative lesions [27-29]; the current study identified 
another suppressive effect of KRGE against H 2 S-driven 
angiogenesis. 

Though angiogenesis is notorious for its role in pro- 
moting carcinogenesis, angiogenesis is important for 
cardiovascular protection, wound healing, and tissue re- 
generation. Kim et al. [30] investigated the effects of an 
aqueous Korean red ginseng extract on angiogenesis and 
its underlying signaling mechanisms and showed that 
KRGE increased in vitro proliferation, migration, and 
tube formation in HUVECs as well as in vivo angiogen- 
esis without increasing VEGF expression. This finding 
is somewhat inconsistent with our results showing that 
Korean red ginseng attenuated H 2 S-triggered angiogen- 
esis; this discrepancy may indicate that KRGE exerts its 
biological actions differently according to the stimulator 
used, the cell context, and the underlying pathological 
conditions. KRGE activity might also be dependent on 
physiological context, i.e., promoting angiogenesis in 
ischemic heart disease or to promote wound healing 
in other benign conditions but blocking angiogenesis 
in pathologic conditions like inflammatory disorders, 
obesity, asthma, diabetes, cirrhosis, multiple sclerosis, 
endometriosis, AIDS, bacterial infections, and autoim- 
mune disease as well as tumorigenesis, invasion, and 
metastasis. One interesting finding is that, irrespective of 
angiogenesis inhibition or activation with KRGE, the un- 
derlying molecular mechanisms regulating angiogenesis 
were similar, involving the phosphorylation of ERK1/2, 
Akt, endothelial nitric oxide synthase (eNOS), and other 
angiogenic factors downstream of KRGE. The inhibition 
of PI3K activity by wortmannin completely inhibited 
KRGE-induced angiogenesis, indicating that the phos- 
phorylation of Akt and ERK1/2 and subsequent eNOS 



and PI3K/Akt activation is an upstream event in the 
KRGE -mediated angiogenic or anti-angiogenic pathway. 

Recent studies have shown that several natural 
compounds inhibit angiogenesis, and numerous bioac- 
tive plant compounds have been tested for their anti- 
angiogenic potential, including the polyphenols resvera- 
trol, curcumin, and P. ginseng as well as miscellaneous 
compounds from garlic, Hypericum perforatum, Coptis 
chinensis and Rheum palmatum [31-33]. Among these 
compounds, Korean red ginseng, resveratrol (a polyphe- 
nol present in red wine and grapeseed), epigallocatechin- 
3-gallate from green tea, and curcumin from Curcuma 
longa have been investigated extensively. Given its value 
and current levels of documentation, Korean red ginseng 
should be studied in a large-scale, long-term clinical trial 
to determine its efficacy as a potential cancer preventive 
agent in the context of H. pylori infection. In conclu- 
sion, H. pylori infection-associated H 2 S might induce 
gastric inflammation, cause halitosis, damage the gastric 
mucosa, and contribute to carcinogenesis through the 
promotion of angiogenesis. KRGE efficiently blocked 
H. /7y/or/-associated H 2 S generation, and these activities 
may mitigate H. /?_y/or/-associated inflammation as well 
as carcinogenesis. 
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